INTRODUCTION
Medical implants such as catheters, prosthetic cardiac valves, joint replacements and dental prosthesis have improved the health status of many patients. However, these devices can become colonized by different microorganisms to form a biofilm and establish a reservoir for chronic inoculation and dissemination of microbial cells (Costerton e t al., 1987) . Different studies have demonstrated the capacity of Candida albicans to adhere to plastic materials (Hawser & Douglas, 1994; I<lotz e t al., 1985; McCourtie & Douglas, 1981 ; Minagi e t al., 1985) and factors such as the surface hydrophobicity, electrostatic forces and germ tube formation seem to play a key role in the adhesion process (Kennedy e t al., 1989; Kimura & Pearsall, 1980; I<lotz e t al., 1985; Rotrosen e t al., 1985) . The yeast-mycelium transition, which may be associated with C. albicans pathogenicity (Cutler, 1991) , results in a molecular reorganization of the cell wall that may facilitate the adhesion of the fungus to biomaterials by expressing a fibrillar layer associated with the outer part of the cell wall. In fact, we have identified four cell wall mannoproteins of > 200, 200, 68 and 60 kDa that remained attached to polystyrene when the C. albicdns cells were removed (Tronchin e t al., 1988) .
Attachment of C. albicans to medical implants may be a 0002-0482 0 1996 SGM polystyrene Petri dishes (21E6); or (iii) a partially purified antigen of 260 kDa from a germ tube cell wall extract eluted from SDS-PAGE gels (B9E) (Ponton e t al., 1993) . mAbs were purified from ascites fluid by affinity chromatography on an anti-mouse IgM (Sigma) coupled to an Affi-Gel 10 column (BioRad). Purified antibodies were dialysed against PBS before use.
Adherence assay. The adhesion of C. albicans cells to polystyrene was studied by a previously described method (Tronchin et al., 1988) . Briefly, yeast cells in the stationary phase were inoculated in medium 199, pH 6.7, at a final concentration of 5 x lo6 cells ml-' and incubated for 140 min at 37 "C in 35-or 120-mm-diameter tissue culture polystyrene Petri dishes (Greiner) containing, respectively, 0.65 or 50 ml of the yeast cell suspension. Germination was quantified by counting, every 20 min, both the total number of cells and the number of yeast cells bearing germ tubes, using a phase-contrast microscope with a graticule mounted in the focus of the ocular. For each Petri dish, 12 fields (each 0.64 mm2) were counted, and the percentage of germ tubes per field was calculated by the equation: YO filamentation = (no. of yeast cells bearing germ tubes/total no. of cells) x 100. Petri dishes were then rinsed with distilled water to dislodge all the loosely adherent yeast cells. The fungal cells which adhered to the plastic surface were counted as described above. Results were expressed as a percentage of the whole cell population according to the equation: YO adhesion = (no. of adhered cells/total no. of cells) x 100. All values quoted represent mean values derived from four independent assays.
In one experiment, the cells were grown in an Erlenmeyer flask containing medium 199. Germ tubes were induced at 37 OC with shaking and yeast cells were grown at 25 "C. After 40 min of growth, the cells were washed with medium 199 at 4"C, counted in a haemocytometer and transferred to polystyrene Petri dishes at a final concentration of 5 x lo6 cells ml-'. The Petri dishes were incubated at 24 "C for 40 min and the adhesion was quantified as described above. The controls consisted of cells incubated in Petri dishes for 40 min at both 37 "C and 25 "C.
Isolation of germ tube cell wall components adhered to polystyrene. After a 3 h incubation, the Petri dishes were washed with distilled water and the germ tubes were removed from the plastic surface with a cell lifter (Costar Europe). Plates were washed again with distilled water and the cell wall mannoproteins that remained adhered to the Petri dishes were solubilized with 0.1 M NaOH for 5 min at room temperature. After the treatment, the extracts were dialysed against distilled water for 48 h and lyophilized.
Effect of mAbs on germination and adherence. T o determine the effect of the mAbs on adherence, the adhesion assay described above was slightly modified. Yeast cells were inoculated in medium 199 containing 154 pg mAbs m1-I. Control media were supplemented with the same volume of sterile distilled water. Germination and adhesion were quantified as described above.
SDSPAGE and Western blotting. SDS-PAGE was performed by the method of Laemmli (1970) in a minigel system (Bio-Rad). The total amount of protein loaded per lane was 1 pg for each extract. Electrophoresis was carried out in 10 0/0 (w/v) acrylamide at 200 V for 45 min. Standard molecular mass markers were from Bio-Rad. Subsequently, the gels were either stained with silver nitrate or were electrophoretically transferred to a nitrocellulose membrane (Bio-Rad) for 30 min at 60 V, 10 W and 5 mA cmP2 using the Fast Blot System (Biometra). After the transfer, the nitrocellulose membranes were blocked in 10 YO (w/v) nonfat dry milk in Tris-buffered saline (TBS-Milk), washed in TBS and incubated with the mAbs (3D9 diluted 1 : 5, 21E6 diluted 1 : 5 and B9E diluted 1 : 10, all in TBS-Milk), washed, and incubated with peroxidase-labelled, affinitypurified goat anti-mouse IgM (Sigma). Immunoreactive bands were visualized after staining for 30 min with a substrate solution [0.05 Yo (w/v) 4-chloro-1-naphthol (Sigma) and 0-015 YO (v/v) H,O, in TBS] . In some experiments, the antigens present on the nitrocellulose membrane were treated with 50 mM NaIO, as described by Sundstrom & Kenny (1984) and incubated with MAb 21 E6 as described above.
ELISA. The binding capacity of mAbs 21E6 and B9E to polystyrene was studied by ELISA. Briefly, wells of polystyrene plates (Greiner) were coated with 100 p1 of the mAbs (150 or 75 pg ml-l) suspended in medium 199 and incubated for 60 min at 37 "C. Plates were blocked by adding 200 pl PBS containing 10% nonfat dry milk and 0.05% Tween 20 (PBSBT) to each well for 1 h at 37 "C. They were then incubated with peroxidaseconjugated, goat anti-mouse IgM (Sigma) diluted 1 : 2000 in PBS-milk for 1 h at 37 "C. Plates were washed with PBS and 100 pl of a solution containing 0. 
RESULTS

Adherence of C. albicans strains to polystyrene
The liinetics of adherence of several C. ulbicuns strains to polystyrene was initiallx explored at two temperatures. All strains showed similar kinetics; as illustrated in Fig. 1 for C. ulhicaiis 3153 serot!.pe .1, adhesion at 25 "C was very low and it did not significantly change during the time studied. At 37 "C, however, there was an increase in the adhesion of the fungus in parallel with germ tube formation. hfasimum levels of filamentation (96. 58.1 5.6 9' 0 versus serotype B 58.0 3.7 " 0 ) . T h e relationship between germ tube formation and adhesion to polystyrene observed in all the strains studied was confirmed using an agerminative mutant, CA2. As expected, no filamentation and consequently n o adhesion to polystyrene was observed with this strain (data not shown). In an attempt to separate germination from adhesion, the germ tubes were first induced by incubating cells in an Erlenmeyer flask for 40 min at 37 "C; the cells were then transferred t o polystyrene Petri dishes and allowed to adhere for 40 min at 25 "C to avoid further germ tube growth. Pre-formed germ tubes adhered to polystyrene at a percentage higher than that shown by germ tubes induced directly in polystyrene Petri dishes (1 9.68 f. 
Reactivity of C. albicans adhesins with mAbs
We have previously shown that C. alhicuns germ tubes adhere to polystyrene through cell wall fibrillar adhesins that remain attached to polystyrene after the removal of adherent germ tubes (Tronchin e t ul., 1988) . SDS-PAGE analysis of those adhesins shoLved three components of 3 200, 68 and 60 kDa after silver staining (Fig. 2) . %'hen the reactivity of these mannoproteins with different mAbs was studied, m A b 21E6 stained the antigens o f 68 and 
Influence of mAbs on adhesion
The effect of the mAbs on the adhesion of C. albicans strains 3153 and 1066 to polystyrene was initially studied after incubation at 37 "C for 80 min. When compared to the controls without mAbs, mAb B9E significantly reduced the adhesion of the strains to polystyrene (52.5 ' / O and 38.7Y0, respectively) ( Fig. 3) and produced a statistically significant decrease in filamentation in both strains (50.3% and 55.0%). mAb 3D7 caused no statistically significant differences in either filamentation o r adhesion in the two strains studied compared with controls. However, mAb 21E6 enhanced the adhesion of C. albicans 3153 and 1066 by 24.75% and 21-67Y0, respectively. The enhancement of adhesion observed with mAb 21E6 was largely independent of germ tube induction, since this mAb reduced the filamentation at all times studied (Fig. 4) . 
DISCUSSION
Among the factors shown to influence the adhesion of C. albicans to plastic, germ tube formation may be particularly important since adherent germ tubes have a fibrogranular layer that contains mannoproteins adhesive to polystyrene (Tronchin etal., 1988) . Hyphal growth also seems to be an important factor in biofilm formation and Hawser & Douglas (1994) have shown that a mutant unable to grow in the hyphal phase had a decreased capacity for biofilm formation on plastic catheters, whereas a related mutant unable to grow in the yeast phase gave values for biofilm formation similar to those of the wild-type. The results presented in this paper confirm a role for germ tube formation in the adhesion of C. albicans to polystyrene, since germ tubes, when induced, adhered to polystyrene and adhesion increased as the percentage of filamentation increased. In contrast, when the fungus was grown in the yeast form, either by growing strain 3153 at 25 OC or by using the agerminative mutant CA2 grown at 25 or 37 "C, there was no adhesion to polystyrene.
Factor 6, an epitope in the cell wall mannan responsible for serotype specificity, is another factor that has been implicated in adhesion of C. albicans to oral cells ; serotype B or factor-6-deficient mutants have reduced adherence compared with serotype A strains (Miyakawa e t al., 1989 (Miyakawa e t al., , 1992 . However, Kennedy e t al. (1992) studied the adhesion to polystyrene of yeast cells from several serotype B isolates and observed that, in general, serotype B was more adhesive to plastic than serotype A. In our study, adhesion kinetics were very similar in both C. albicans serotype A and B strains. The similarities in adhesion to polystyrene observed between the two serotypes may be related to the participation of germ tubes in adhesion to polystyrene, since both serotype A and B germ tubes express antigen 6 (Barturen etal., 1995; Poulain e t al., 1983) .
Adhesion of C. albicans germ tubes to polystyrene seems to be mediated by cell wall fibrillar adhesins of > 200, 200, 68 and 60 kDa (Tronchin e t al., 1988) . The role of these adhesins in adhesion of C. albicans to polystyrene has been confirmed in this study, since only the mAbs reactive with some of these components modified the adhesion of C. albicans to polystyrene. Thus, mAb 3D9, which reacts with an epitope specifically expressed on the germ tube cell wall of C. albicans but not expressed on the fibrillar adhesins, showed n o effect on adhesion of C. albicans to polystyrene. Conversely, mAb B9E, which reacts with the > 200 kDa component, and mAb 21E6, which reacts with components of 68 and 60 kDa, influenced the adhesion of C. albicans to polystyrene. Interestingly, mAb 21E6 was also able to label the high molecular mass components after periodic acid oxidation, suggesting that, in these antigens, the protein epitope reactive with the mAb is hidden by sugar residues. This situation seems to exist at the cell wall surface also, since, although the mAb does not label the cell wall surface of C. albicans when tested by indirect immunofluorescence (Ponton e t al., 1993), there was a strong labelling after periodic acid oxidation (I?. A. Ezkurra and co-workers, unpublished (1989, 1992) showed a reduced adherence to buccal epithelial cells of C. albzcans pretreated with a mAb against factor 6 (mAb-6). In this study, incubation of C. albicans with mAb B9E, which seems to react with an epitope of antigen 6 (Barturen etal., 1995) expressed on the > 200 kDa component of the fibrillar adhesins of C. albicans, decreased the adhesion of the fungus to polystyrene. This effect seems to be independent of the strain, since the mAb inhibited adhesion to polystyrene of two C. albicans serotype A and B strains; it may be related to the reduction of germ tube formation by this mAb.
By contrast, incubation of C. albicans cells with mAb 21 E6 enhanced the adhesion of C. albicans 3153 and 1066 strains to polystyrene. Interestingly, the effect was observed in both germ tubes and yeast cells. The effect of mAb 21E6 on the adhesion of yeast cells was very evident, since the agerminative mutant grown at 37 "C showed high adhesion levels. The effect of mAb 21E6 on the adhesion of germinating cells was greater when the percentage of germination of the cells was low (40 min). The reasons for this enhancement of adhesion mediated by mAb 21E6 are presently unknown but it does not seem to be related to an increase in cell surface hydrophobicity after incubation with mAb 21E6, since pretreatment of C. albicans with mAb 21 E6 rendered the cells more hydrophilic than those incubated with mAb B9E or the controls without antibody. Another possibility is a reorganization of the cell wall fibrillar adhesins induced by mAb 21E6, leading to an exposure of the adhesins on the cell surface. Interestingly, pretreatment of polystyrene with the cell wall fibrillar adhesins enhanced adhesion of the fungus (data not shown). The effect of mAb 21 E6 on the adhesion of C. albicam to polystyrene implies that the mAb is able to interact with the cell wall surface. By using an ELISA, we have been able to demonstrate a low reactivity of mAb 21E6 with the cell wall surface of both the agerminative mutant and C. albicans 3153 germ tubes grown at 37 O C , a reactivity which is likely not to be observed by indirect immunofluorescence due to its lower sensitivity (P. A. Ezkurra and co-workers, unpublished).
In conclusion, both growth phases of C. albicans can adhere to polystyrene, although the conditions for this process seem to be different in each phase. Germ tubes can adhere to polystyrene in the absence of mAb 21 E6 but the adhesion of the yeast cells was modulated by the mAb.
The two methods of adhesion of C. albicans to polystyrene might have a role in the colonization of medical implants.
In the absence of antibodies against the fibrillar adhesins, a situation which is likely to occur during the first stages of infection, the germ tube may use the fibrillar adhesins to adhere to polystyrene. The production of an antibody response against some cell wall antigens may decrease the adhesion of C. albicans, perhaps by reducing filamentation. However, the existence of antibodies like mAb 21E6, which react with the antigens of > 200, 200, 68 and 60 kDa present in the fibrillar adhesins, may help the yeast phase to adhere to polystyrene. The different effects shown by the mAbs studied on the adhesion of C. albicans to polystyrene should be taken into consideration when designing strategies to block the adhesion of C. albicans to plastic materials with mAbs. However, confirmation of these results with prosthesis or catheter materials must be performed before definitive conclusions can be drawn,
